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ABSTRACT 

Each of the ionization of potassium, cesium, and Rb* and an electron transfer 
between two IC ions {IC I IC) provide a reaction with a net enthalpy of an integer multiple of 
the potential energy of atomic hydrogen and catalyze the exothermic formation of lower- 
energy hydrogen. For each of fT I IC , Rb* , and cesium, the net enthalpy of reaction of the 
catalyst is about 27.2 eV, and the lower-energy hydrogen atom catalysis product is predicted 
to be a highly reactive intermediate which further reacts to form a novel hydride ion /T (1/2). 
This ion formed by plasma electrolysis of a K 2 CO^ Rb 2 CQ, or Cs 2 CQ electrolyte was 
observed by high resolution visible spectroscopy at 407.0 nm corresponding to its predicted 
binding energy of 3.05 eV. Furthermore, novel inorganic hydride compounds such as 
KHKHCO y and KH were isolated following the electrolysis of a t^CO^ electrolyte and 

identified by ToF-SIMS. The existence of novel hydride ions was determined using X-ray 
photoelectron spectroscopy and proton nuclear magnetic resonance spectroscopy. Applications 
include high voltage batteries. 

KEYWORDS: plasma electrolysis, novel hydride ion, highly stable hydride compounds, high 
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1. INTRODUCTION 
1.1. Background 

Evidence of the changing landscape for automobiles can be found in the recent increase 
in research into the next generation of automobiles. But, the fact that there is no clear front- 
ninner in the technological race to replace the internal combustion (IC) engine can be attested 
to by the divergent approaches taken by the major automobile companies. Programs include 
various approaches to hybrid vehicles, alternative fueled vehicles such as dual- fired engines 
that can run on gasoline or compressed natural gas, and a natural gas- fired engine. Serious 
efforts are also being put into a number of alternative fuels such as ethanol, methanol, propane, 
and reformulated gasoline. To date, the most favored approach is an electric vehicle based on 
fuel cell technology or advanced battery technology such as sodium nickel chloride, nickel- 
metal hydride, and lithium-ion batteries !) . Although billions of dollars are being spent to 
develop an alternative to the IC engine, there is no technology in sight that can match the 
specifications of an IC engine system 2) . 

Fuel cells have advantages over the IC engine because they convert hydrogen to water 
at about 70% efficiency when running at about 20% below peak output 3) . But, hydrogen is 
difficult and dangerous to store. Cryogenic, compressed gas, and metal hydride storage are the 
main options. In the case of cryogenic storage, liquefaction of hydrogen requires an amount of 
electricity which is at least 30% of the lower heating value of liquid hydrogen 4) . Compressed 
hydrogen, and metal hydride storage are less viable since the former requires an unacceptable 
volume, and the latter is heavy and has difficulties supplying hydrogen to match a load such as 
a fuel cell 4) . The main challenge with hydrogen as a replacement to gasoline is that a 
hydrogen production and refueling infrastructure would have to be buihr Hydrogen may be 
obtained by reforming fossil fuels. However, in practice fuel cell vehicles would probably 
achieve only 10 to 45 percent efficiency because the process of reforming fossil fuel into 
hydrogen and carbon dioxide requires energy 3) . Presently, fuel cells are also impractical due 
to their high cost as well as the lack of inexpensive reforming technology 5) . 

In contrast, batteries are attractive because they can be recharged wherever electricity 
exists which is ubiquitous. The cost of mobile energy from a battery powered car may be less 
than that from a fossil fuel powered car. For example, the cost of energy per mile of a nickel 
metal hydride battery powered car is 25% of that of a IC powered car 6) . However, current 
battery technology is trying to compete with something that it has little chance of imitating. 
Whichever battery technology proves to be superior, no known electric power plant will match 
the versatility and power of an internal combustion engine. A typical IC engine yields more 
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than 10,000 watt-hours of energy per kilogram of fuel, while the most promising battery 
technology yields 200 watt-hours per kilogram 2) . 

A high voltage battery would have the advantages of much greater power and much 
higher energy density. The limitations of battery chemistry may be attributed to the binding 
energy of the anion of the oxidant. For example, the 2 volts provided by a lead acid cell is 
limited by the 1 .46 eV electron affinity of the oxide anion of the oxidant Pb0 2 . An increase in 
the oxidation state of lead such as Pb u -» Pb u -> Pb 4 * is possible in a plasma. Further 
oxidation of lead could also be achieved in theory by electrochemical charging. However, 
higher lead oxidation states are not achievable because the oxide anion required to form a 
neutral compound would undergo oxidation by the highly oxidized lead cation. An anion with 
an extraordinary binding energy is required for a high voltage battery. One of the highest 
voltage batteries known is the lithium fluoride battery with a voltage of about 6 volts. The 
voltage can be attributed to the higher binding energy of the fluoride ion. The electron affinity 
of halogens increases from the bottom of the Group VII elements to the top. Hydride ion may 
be considered a halide since it possess the same electronic structure. And, according to the 
binding energy trend, it should have a high binding energy. However, the binding energy is 
only 0.75 eV which is much lower than the 3.4 eV binding energy of a fluoride ion. 



1.2. Catalysis of Hydrogen to Form Novel Hydrides 



Atomic hydrogen may undergo a catalytic reaction with certain atomized elements and 
ions which singly or multiply ionize at integer multiples of the potential energy of atomic 
hydrogen, m ■ 27.2 eV wherein m is an integer. The theory and supporting data were given 
previously 7 " 42) . The reaction involves a nonradiative energy transfer to form a hydrogen atom, 
"hydrino" designated by #(l / p\ that is lower in energy than unreacteA atomic hydrogen that 

corresponds to a fractional principal quantum number (n = — = — replaces the well 

known parameter n = integer in the Rydberg equation for hydrogen excited states). A number 
of independent experimental observations lead to the conclusion that atomic hydrogen can 
exist in fractional quantum states that are at lower energies than the traditional "ground" 
(n - 1 ) state. Prior related studies that support the possibility of a novel reaction of atomic 
hydrogen which produces a chemically generated or assisted plasma (rt-plasma) and produces 
novel hydride compounds include extreme ultraviolet (EUV) spectroscopy l2-14 - 16 . |8 - 2 « w °) > 
characteristic emission from catalysis and the hydride ion products 15 * 20) , lower-energy atomic 
and molecular hydrogen emission ,2 * l4 ' 24) , plasma formation Balmer a 

broadening ^ ]6 ^ 2 ^ 26 \ elevated electron temperature 13,24) , anomalous plasma afterglow 
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Furthermore, mobility and spectroscopy data of individual electrons in liquid helium shows 
direct experimental confirmation that electrons may have fractional principal quantum energy 
levels '. 

An atomic catalytic system to produce a rt-plasma involves helium ions. The second 
'onizahon energy ofhelium is 54.4^ 43 >; thus, me iomzationreaction of He to He 1 * has 
net enthalpy of reaction of 54.4 eV which is equivalent to 2 • 27.2 eV . Thus it may serve as 
catalyst to form H(l /3). The products of the catalysis reaction may accept energy 
nonradiatively in multiples of the potential energy of atomic hydrogen and may further serve as 
catalysts. Thus, once a hydrino atom is formed by a catalyst, further catalytic transitions 
n ~ 3 -*~ and so on occur to a substantial extent. 

Extreme ultraviolet (EUV) spectra recorded on microwave discharges of helium with 
2% hydrogen were previously reported ,2 ' ,W4 >. Novel emission lines were observed with 
energies of q • 13.6 eV where q = 1,2,3,4,6,7,8,9,1 1,12 or these lines inelastically scattered by 
helium atoms wherein 21.2 eV was absorbed in the excitation of He(\s 2 ) to He(h x 2p x ). 
These lines were identified as hydrogen transitions to electronic energy levels below the 
"ground" state corresponding to fractional quantum numbers. The hydrino catalysis product 
may further react with a source of electrons to form the corresponding hydride ion. 

Each of K*/K*, Rb*, Cs, and Ar* are predicted to catalyze hydrogen to form 

lt\ WWCh ^ m eleCtron t0 fonn #"0'2). A potassium atom is predicted to 
catalyze hydrogen to form /f^J which reacts with an electron to form /T0/4). Several 

studies including EUV and high resolution visible spectroscopy on rt-pjasmas from several salt 
or metal catalysts confirmed the catalyst mechanism and the predicted novel hydride ions. 

/T(l/2), the hydride ion catalyst product of K*/K* or Rb*, was observed by high 
resolution visible spectroscopy as a broad peak at 407.00 ran with a FWHM of 0.14 ran 
corresponding to its predicted binding energy of 3.0468 eV. From the electron g factor, 
bound-free hyperfine structure lines of H~(\I2) were predicted with energies given by 
e hp =J 3.0056*10"' + 3.0575 eV (j is an integer) as an inverse Rydberg-type series that 
converges at increasing wavelengths and terminates at 3.0575 eV— the hydride spin-pairing 
energy plus the binding energy. The high resolution visible plasma emission spectra in the 
region of 400.0 nm to 406.0 run matched the predicted emission lines for j 1 = 1 to j = 37 16) to 
within a 1 part per 10 5 . 

Further exemplary studies include: 
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1. ) the observation of continuum state emission of Cs z * and Ar u "al 53.3- nm and 
45.6 nm, respectively, with the absence of the other corresponding Rydberg series of lines 
from these species which confirmed the resonant nonradiative energy transfer of 27.2 eV from 
atomic hydrogen to the catalysts atomic Cs or Ar* 20) , 

2. ) the spectroscopic observation of the predicted hydride ion /T(l/2) of hydrogen 
catalysis by either Cs atom or Ar* catalyst at 407.0 nm corresponding to its predicted binding 

c 1 r\e i/ 15-17.20) 

energy of 3.05 eV , 

3. ) the observation of characteristic emission from K y * which confirmed the resonant 
nonradiative energy transfer of 3 • 27.2 eV from atomic hydrogen to atomic K ,9) , 

4. ) the spectroscopic observation of the predicted /T(l/4) ion of hydrogen catalysis by 
K catalyst at 1 10 nm corresponding to its predicted binding energy of 1 1.2 eV 19) , 

5. ) the observation of characteristic emission from Rb 1 * which confirmed the resonant 
nonradiative energy transfer of 27.2 eV from atomic hydrogen to Rb* 18) , 

6. ) the spectroscopic observation of the predicted /T(l/2) ion of hydrogen catalysis by 
Rb* catalyst at 407.0 nm corresponding to its predicted binding energy of 3.05 eV I5 "' , 

7. ) the high resolution visible spectroscopic observation from rt-plasmas of the 
predicted /T(l/2) ion of hydrogen catalysis by each of JC/IC, Rb\ Cs, and Ar' at 
407.0 nm corresponding to its predicted binding energy of 3.05 eV — , 

The formation of novel compounds having hydrino hydride ions would be substantial 
evidence supporting catalysis of hydrogen as the mechanism of observed rt-plasmas and 
further support the spectroscopic identification of fT(Vp) (p is an integer). Compounds 
containing novel hydride ions have been isolated as products of the reaction of atomic ^ 
hydrogen with atoms and ions identified as catalysts in previously reported EUV studies 
The novel hydride compounds were identified analytically by techniques such as time of fhght 
secondary ion mass spectroscopy, X-ray photoelectron spectroscopy, and '// nuclear magnet.c 
resonance spectroscopy. For example, the time of flight secondary ion mass spectroscopy 
showed a large hydride peak in the negative spectrum. The X-ray photoelectron spectrum 
showed large metal core level shifts due to binding with the hydride as well as novel hydnde 
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peaks. The X H nuclear magnetic resonance spectrum showed significantly upfieldshifted 
peaks which corresponded to and identified novel hydride ions 33) . 

In this article we report that novel inorganic hydride compounds having the formula 
KH KHCO) and KH were isolated from an aqueous K 2 CO z electrolytic cell reactor. KH was 
stable at elevated temperature (600°C). Inorganic hydride clusters K^KHKHCO^ were 
identified by positive ToF-SIMS of KHKHCO^ . The negative ToF-SIMS was dominated by 
hydride ion. The positive and negative ToF-SIMS of KH showed essentially IC and FT 
only, respectively. A hydride ion with a binding energy of 22.8 eV has been observed by X- 
ray photoelectron spectroscopy (XPS) of KHKHCO^ having upfield shifted solid state magic- 
angle spinning proton nuclear magnetic resonance ( l H MAS NMR) peaks. Moreover, a 
polymeric structure is indicated by Fourier transform infrared (FTIR) spectroscopy. Hydride 
ions with binding energies of 22.8 eV and 69.2 eV have been observed by XPS of KH. 
/T(l /2), the predicted hydride ion product with each of IC I IC , Rb* , and Cs as the catalyst, 
has a binding energy of 3.05 eV corresponding to a 407.0 nm emission that was observed by 
high resolution visible spectroscopy on the emission from plasma electrolysis cells. 

1.3. Hydride Ion Battery 

The discovery of novel hydride ions with high binding energies has implications for a 
new field of hydride chemistry with applications such as a high voltage battery. Such 
extremely stable hydride ions may stabilize positively charged ions in an unprecedented highly 
charged state. A battery may be possible having projected specifications and environmental 
advantages that may be competitive with the internal combustion engine. 

Hydride ions having extraordinary binding energies may stabilize a cation M x * in an 
extraordinarily high oxidation state such as +2 in the case of lithium. Thus, these hydride ions 
may be used as the basis of a high voltage battery of a rocking chair design wherein the 
hydride ion moves back and forth between the cathode and anode half cells during discharge 
and charge cycles. Exemplary reactions for a cation Af* are: 

Cathode reaction: 

MH z +e ->MH X _ X + H' (1) 

Anode reaction: 
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MH X _ 2 +/T ->MH x _ t +e~ 



(2) 



Overall reaction: 



2. EXPERIMENTAL 



2.1. Synthesis 



2.1.1. Potassium Hydride Potassium Hydrogen Carbonate, KH KHCO,, Synthesis with 

an Electrolytic Cell 

An electrolytic cell comprising a K^CO^ electrolyte, a nickel wire cathode, and 
platinized titanium anodes was used to synthesize the KHKHCO y sample. Briefly, the cell 
vessel comprised a 37.85 liter (83.82 cm x 38. 1 cm) Nalgene tank. An outer cathode 
comprised 5000 meters of 0.5 nun diameter clean, cold drawn nickel wire (NI 200 0.5 mm, 
HTN36NOAG1, A-l Wire Tech, Inc., 840-39th Ave., Rockford, Illinois, 61 109) wound on a 
polyethylene cylindrical support. A central cathode comprised 5000 meters of the nickel wire 
wound in a toroidal shape. The central cathode was inserted into a cylindrical, perforated 
polyethylene container that was placed inside the outer cathode with an anode array between 
the central and outer cathodes. The anode comprised an array of 1 5 platinized titanium anodes 
(ten - Engelhard Pt/Ti mesh 4.06 cm x 20.32 cm with one 1.91 cm x 17.78 cm stem attached to 
the 4.06 cm side plated with 100 U Pt series 3000; and 5 - Engelhard 2.54 cm diameter x 20.32 
cm length titanium tubes with one 1.91 cm x 17.78 cm stem affixed to the interior of one end 
and plated with 100 U Pt series 3000). Before assembly, the anode array was cleaned in 3 M 
HCl for 5 minutes and rinsed with distilled water. The cathode was cleaned by placing it in a 
tank of 0.57 M H l 0 1 for 6 hours and then rinsing it with distilled water. The 

anode was placed in the support between the central and outer cathodes, and the electrode 
assembly was placed in the tank containing electrolyte. The electrolyte solution comprised 28 
liters of 0.57 M XjCO, (Alfa ^C0 3 99%). Electrolysis was performed at 20 amps constant 
current with a constant current (± 0.02%) power supply for 1 5 months with water add-back to 

maintain the 28 liters constant. 

Samples were isolated from the electrolytic cell by concentrating the K^CO^ electrolyte 

about six fold using a rotary evaporator at 50°C until a yellow white polymeric suspension 
formed. Precipitated crystals of the suspension were then grown over three weeks by allowing 
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the saturated solution to stand in a sealed round bottom flask at 25°C. Control samples utilized 
in the following experiments contained K 2 CO^ (99%), KHCQ (99.99%); KNC\ (99.99%), KI 
(99.99%), KOH (99.9%), and KH (99%). 

2.1.2. Potassium Hydrioo Hydride, KH, Synthesis with an Electrolytic Cell 

An electrolytic cell comprising a K^CO^ electrolyte, a nickel wire cathode, and 
platinized titanium anodes was also used to synthesize potassium hydride, KH. The cell was 
equivalent to that described supra, except that it lacked the additional central cathode. 

After 3 months of operation, the cathode wire obtained a graphite colored coating. The 
cathode was placed in 37.85 liter (83.82 cm x 38.1 cm) Nalgene tank of 0.57 M /^CO,/3% 
H 2 0 2 for 6 hours. A very vigorous exothermic reaction was observed during the six hours. 
The cathode was removed and placed in a second 37.85 liter (83.82 cm x 38.1 cm) Nalgene 
tank of distilled water. NiO was observed to precipitate in the tank containing 0.57 M 
£ 2 CO,/3% H 2 O l . The coat was observed to be removed from the cathode when it was pulled 
from the distilled water bath. A white polymeric solid floated to the top of the water bath over 
2 weeks. The solid was collected by scooping it with a 250 ml beaker. The polymeric material 
was stable in water indefinitely (over a year with no observable change). The material was 
pure white and appeared like cotton suspended in water. Other samples were obtained which 
were thin films. The density was less than that of water. The material was observed to be 
weakly ferromagnetic. It collapsed along the magnet field lines and was attracted to a magnet 
in solution. It could be pulled out of water with a strong magnet. It was poured onto an 
evaporation dish, dried, and analyzed 

2.2. ToF-SIMS Characterization ~ 

The crystalline samples were sprinkled onto the surface of double-sided adhesive tapes 
and characterized using a Physical Electronics TFS-2000 ToF-SIMS instrument. The primary 
ion gun utilized a 69 Ga* liquid metal source. In order to remove surface contaminants and 
expose a fresh surface, the samples were sputter cleaned for 30 seconds using a 40/xm X 
40/xm raster. The aperture setting was 3, and the ion current was 600 pA resulting in a total 
ion dose of 10 15 ions/ cm . 

During acquisition, the ion gun was operated using a bunched (pulse width 4 ns 
bunched to 1 ns) 1 5 kV beam 44 ^ 5) . The total ion dose was 10 12 ions I cm 2 . Charge 
neutralization was active, and the post accelerating voltage was 8000 V. Three different 
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regions on each sample of (l2/i/n)\ (18/^m) 2 , and (25/im) 2 were analyzed. The positive and 
negative SIMS spectra were acquired. Representative post sputtering data* is reported. 

2.3. XPS Characterization 

A series of XPS analyses were made on the crystalline samples each mounted on a 
silicon wafer using a Scienta 300 XPS Spectrometer. The fixed analyzer transmission mode 
and the sweep acquisition mode were used. A survey spectrum was obtained over the region 
Ei> = 0 eVXo 1200 eK. The primary element peaks allowed for the determination of all of the 
elements present in each sample isolated from the K l CO i electrolyte. The survey spectrum 
also detected shifts in the binding energies of potassium and oxygen which had implications as 
to the identity of the compound containing the elements. A high resolution XPS spectrum was 
also obtained of the low binding energy region ( E b = 0 e V to 100 e V) to determine the 

presence of novel XPS peaks. The step energy in the survey scan was 0.5 eV , and the step 
energy in the high resolution scan was 0. 15 eV . In the survey scan, the time per step was 0.4 
seconds, and the number of sweeps was 4. In the high resolution scan, the time per step was 
0.3 seconds, and the number of sweeps was 30. C Is of trace graphitic carbon contamination 
at 284.6 eV was used as the internal standard. 

2.4. NMR Spectroscopy 

X H MAS NMR was performed on the crystalline samples. The data were obtained on a 
custom built spectrometer operating with a Nicolet 1280 computer. Final pulse generation was 
from a tuned Henry radio amplifier. The X H NMR frequency was 270.6196 MHz. A 2 ^sec 
pulse corresponding to a 15° pulse length and a 3 second recycle delaywere used. The 
window was ±3 1 kHz. The spin speed was 4.5 kHz. The number of scans was 1000. The 
offset was 1527.12 Hz, and the magnetic flux was 6.357 T. Chemical shifts were referenced to 
external TMS. 

2.5. FTIR Spectroscopy 

Samples were transferred to an infrared transmitting substrate and analyzed by FTIR 
spectroscopy using a Nicolet Magna 550 FTIR Spectrometer with a NicPlan FTIR microscope. 
The number of scans was 500 for both the sample and background. The resolution was 8 cm" . 
A dry air purge was applied. 
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2.6. Thermal Decomposition wi.h Analysis by Mass Spectroscopy* 

Mass spectroscopy was performed on the gases released from the therma! 
decompos,, on of the samp.es. One end of a 4 mm ID Ktted capiilary tub. coning about 5 

1 2 ^ ^ T T ™ C0,meCted " ** ""P'tog Port of a Dycor System 

HOVAC Dn-2 Turbo 60 Vacuum System). The capiUary was heated with a Nicnrome wire 

of 70 «V a, a sampie temperature of 600°C with the d«ec„„n of hydrogen indicated by a 
m I e s 2 peak. 7 

The control hydrogen gas was ultrahigh purity (MG Industries). 

2.7. High Resolution Visible Spectroscopy of Plasma Electrolysis Cells 

with ™ P, ;7 a f*° lysis cel1 shown » R«. 1 comprised a 800 ml glass beaker covered 
with a Teflon hd w,th a gas outlet and 4 penetrations for electrodes, a thermometer, and a 

^. J/0 aim Aesar), ^C0 3 (99%Fluka), /tt 2 CQ (99% Alfa Aesar), or 
Cs 2 CQ (99/o Alfa Aesar). The cathode that was sufficiently durable for long duration 
electrolysis was a 0.3 cm diameter tungsten rod with 3 cm immersed in the electrolyte To 
ehmmate the possibility of tungsten emission lines in the region of 407 nm, the experiments 
were repeated with the tungsten cathode replaced by a 0. 1 cm diameter platinum wire cathode 
The anode was a 20 cm 1 platinum wire gauze. The high voltage electrolysis power was 
supplied by two Xantrex XFR 100-28 (0-100 V, 0-28 A) DC power supplies connected in 
senes. The electrolysis was carried out at about 160 V and about 3A. Using water cooling the 
cell was maintained under bright cathode plasma conditions corresponding to a temperature of 
about 90°C. 

The high resolution visible spectrum of each electrolysis plasma was recorded over the 
range 400 - 410 nm to search for the 407.0 nm emission of /T(l/2). Other regions were 
scanned to eliminate known elements as discussed in Sec. fflG. The plasma emission was 
fiber-optically coupled through a 220F matching fiber adapter positioned at the wall of the 
beaker just opposite to the cathode to a high resolution visible spectrometer with a resolution of 
±0.006 nm over the spectral range 190-860,™,. The spectrometer was a Jobin Yvon Horiba 
1250 M with 2400 groves/mm ion-etched holographic diffraction grating. The entrance and 
exit slits were set to 20 m . The spectrometer was scanned between 400 - 410 nm using a 
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0.001 nm step size. The signal was recorded by a PMT with a stand alone high vokage power 
supply (950 V) and an acquisition controller The data was obtained in a single accumulation 
with a 1 second integration time. 

In addition, a low resolution spectrum of each electrolysis plasma was recorded over 
the range 400 - 900 nm to identify the emitting species such as hydrogen and alkali species. 
The spectrometer system comprised a 100 |im optical fiber and visible spectrometer (Ocean 
Optics S2000). To correct for the nonuniform response of the spectrometer system as a 
function of wavelength, the system was calibrated against a reference light source (Ocean 
Optics LS-l-CAL), and the count rate data at each wavelength was corrected by the spectral 
calibration factor. 

3. RESULTS AND DISCUSSION 
3.1. ToF-SIMS 

3.1.1. ToF-SIMS of Potassium Hydride Potassium Hydrogen Carbonate, KH KHCO } , 

Electrolytic Cell Sample 

The positive ToF-SIMS spectrum obtained from the KHCQ control is shown in Figs. 2 
and 3. In addition, the positive ToF-SIMS of a sample isolated from the electrolytic cell is 
shown in Figs. 4 and 5. The respective hydride compounds and mass assignments appear in 
Table I. In both the control and electrolytic samples, the positive ion spectrum are dominated 
by the fC ion. Two series of positive ions { K[K 2 CO^ m I z - (39 + 1 38n) and 
K 2 OH[K 2 CO^l m/z = (95 + 138*)} are observed in the KHCQ control. Other peaks 
containing potassium include KC , K x O y \ K x O y H 9 \ KC<?> and K*? However, in the 

electrolytic cell sample, three new series of positive ions are observed at 
{ K[KHKHCO,l m/z = (39 + 140n), K 2 OH[KH KHCO, \ m I z = (95 + 140n), and 
K^d[KH KHCOyX m Iz = (133 + 140n)}. These ions correspond to inorganic clusters 
containing novel hydride combinations (i.e. KHKHCO^ units plus other positive fragments). 

The comparison of the positive ToF-SIMS spectrum of the KHCQ control with the 
electrolytic cell sample shown in Figs. 2 and 3 and Figs. 4 and 5, respectively, demonstrates 
that the 39 fC peak of the electrolytic cell sample may saturate the detector and give rise to a 
peak that is atypical of the natural abundance of 4} K. The natural abundance of 4i K is 6.7%; 
whereas, the observed 4} K abundance from the electrolytic cell sample is 57%. This atypical 
abundance was also confirmed using Electrospray-Ionization-Time-of-Flight-Mass- 
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Spectroscopy (ESIToFMS). The high resolution mass assignment of the ml z = 41 peak of 
the electrolytic sample was consistent with AX K, and no peak was observed at m / z = 42.98 
ruling out n KH; . Moreover, the natural abundance of "K was observed in the positive ToF- 
SIMS spectra of KHCO, , KNO, , and KI standards that were obtained with an ion current such 
that the n K peak intensity was an order of magnitude higher than that given for the electrolytic 
cell sample. The saturation of the 39 K peak of the positive ToF-SIMS spectrum by the 
electrolytic cell sample is indicative of a unique crystalline matrix ^ 

The negative ToF-SIMS spectrum (/n/e = 0 - 50) of the KHCO, (99.99%) sample and 
the negative ToF-SIMS spectrum (m I e = 0 - 30) of the electrolytic cell sample are shown in 
Figs. 6 and 7, respectively. The negative ion ToF-SIMS of the electrolytic cell sample was 
dominated by H~, 0", and OfT peaks. A series of nonhydride containing negative ions 
{ KCQ> fcCOt I m I z = (99 + 1 38/i)> was also present which implies that H 2 was eliminated 
from KHKHCO, during fragmentation of the compound KHKHCO, . Comparing the H~ to 
OT ratio of the electrolytic cell sample to that of the KHCO, control sample, the /Tpeak was 
about an order of magnitude higher in the electrolytic cell sample. 

3.1.2. ToF-SIMS of Potassium Hydrino Hydride, KH, Electrolytic Cell Sample 

The positive ToF-SIMS spectrum obtained from the KH electrolytic cell sample is 
shown in Fig. 8. The positive spectrum was dominated by the potassium peak K* ml z = 39 
followed by the proton peak. Small silicon, sodium, and hydrocarbon fragment peaks such as 
C 2 H* mlz = 27 and C^,* ml z =29, ml z = 87, K{KO)* «/z=94,and 
K(KOH)* mlz = 95 were also observed. 

The positive spectrum of the KHCQ control shown in Figs. 2 and 3 was also 
dominated by the potassium peak K* mlz = 39. Two series of positive ions 
{ 4^2^! mlz = (39 + 138n) and mlz = (95 + 1 38n)} were observed in 

the KHCQ control. Other peaks containing potassium included KC mlz = 51, K t O * , 
K x O,h;, KC(Tmlz= 67, and mlz = 78. 

The negative ion ToF-SIMS of KH shown in Fig. 9 was dominated by H~. 
0' m/z = 16 and OfT m/z = 17 dominated the negative ion ToF-SIMS of the KHCO> 
control as shown in Fig. 6. These peaks were present in the case of KH, but they were very 
small in comparison to the KHCQ control. For both samples smaller hydrocarbon fragment 
peaks such as C mlz = 12 and CH~ mlz = 13 were observed. A series of negative ions 
{ KCQfcCOjl mlz = (99+ 138n)} was also present in the control which were not observed 
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in the KH sample. A hydride peak probably due to 0H~ mlz = \l which was significantly 
smaller than the 0" ml z = 16 peak was observed in the control. 



3.2. XPS 



3.2.1. XPS of Potassium Hydride Potassium Hydrogen Carbonate, KH KHC0 3 , 

Electrolytic Cell Sample 

The 0 to 80 eV binding energy region of a high resolution XPS spectrum of the 
KHKHCO) electrolytic cell sample is shown in Fig. 10. The XPS survey spectrum the 
KHKHCO) electrolytic cell sample with the primary elements identified is shown in Fig. 1 1 . 
No elements were present in the survey scans which can be assigned to peaks in the low 
binding energy region with the exception of a small variable contaminant of sodium at 63 eV 
and 31 eV, potassium at 16.2 eV and 32.1 eV, and oxygen at 23 eV. Accordingly, any other 
peaks in this region must be due to novel species. The K 3s and K 3p are shown in Fig. 10 at 
16.2 eV and 32.1 eV 9 respectively. A weak Na 2s is observed at 63 eV. The 0 2s which is 
weak compared to the potassium peaks of t^CO^ is typically present at 23 eV , but is broad or 

obscured in Fig. 10. 

Peaks centered at 22.8 eV and 38.8 eV which do not correspond to any other primary 
element peaks were observed. The relative intensities and shift of each peak match K 3s and 
K 3p peaks shifted to higher binding energies. Hydrogen is the only element which does not 
have primary element peaks; thus, it is the only candidate to produce the shifted peaks. These 
peaks may be shifted by a highly binding hydride ion with a binding energy of 22. 8 e V as 
observed in other compounds by Mills et al. ,3 " 20, 3W9) that bonds to potassium K 3p and shifts 
the peak to this energy. In this case, the K 3s is similarly shifted. These peaks were not 
present in the case of the XPS of matching samples isolated from an identical electrolytic cell 
except that MijCQ replaced £,(70, as the electrolyte. 

XPS farther confirmed the ToF-SIMS data by showing shifts of the primary elements. 
The splitting of the principal peaks of the survey XPS spectrum is indicative of multiple forms 
of bonding involving the atom of each split peak. For example, the XPS survey spectrum 
shown in Fig. 1 1 shows extraordinary potassium and oxygen peak shifts. All of the potassium 
primary peaks are shifted to about the same extent as that of the K 3s and K 3p . In addition, 
extraordinary O \s peaks of the electrolytic cell sample were observed at 537.5 eV and 
547.8 eV\ whereas, a single O Is was observed in the XPS spectrum of K 2 CO y at 532.0 eV. 
The results are not due to uniform charging as the internal standard C Is remains the same at 
284.6 eV . The results are not due to differential charging because the peak shapes of carbon 
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and oxygen are normal, and no tailing of these peaks was observed. The binding energies of 
the K.CO, control and the KHKHCO, electrolytic cell sample are shown in Table n. The 
range of literature 47) values of the binding energies of the peaks of interest are given in the 
final row of Table II. The K3p, K3s, K2p> n , K2p V2 ,and K2s XPS peaks and the O \s 

XPS peaks shifted to an extent greater than those of known compounds may correspond to and 
identify KHKHCO,. 



3.2.2. XPS of Potassium Hydrino Hydride, KH, Electrolytic Cell Sample 

The XPS survey scan of the KH electrolytic cell sample is shown in Fig. 12. C \s at 
284.5 eV was used as the internal standard for the KH sample and the control J^CO, . The 
major species present in the control are potassium and carbon and oxygen. The major species 
present in the KH sample was potassium. Large silicon, oxygen and graphitic and 
hydrocarbon carbon peaks were also seen that originated from the silicon wafer sample mount 
Nitrogen was present, and trace magnesium and sodium may be present. The identifying peaks 
of the primary elements and their binding energies are: Na Is at 1072.2 eV, O Is at 532.0 eV, 
Na KL^La at 496.6 eV, N Lr at 399.3 eV, K 2s at 377.2 eV, Mg KL^l^ at 305.9 eV, 
K2p xn at 295.4 eV, K2p JI2 at 292.5 eV, C b at 285.5 and 284.6 eV, Si 2p in at 156.7 eV 
and 153.4 eV, St 2s at 105.7 eV and 102.1 eV, and Mg2s at 88.5 eV. 

No elements were present in the survey scan which could be assigned to peaks in the 
low binding energy region with the exception of the K 3p at 16.8 eV, K 3s at 33.0 eV, O 2s 
at 26.2 eV, and Mg 2p at 49.6 eV. Accordingly, any other peaks in this region must be due to 
novel species. The 0-80 eV binding energy region of a high resolution XPS spectrum of the 
KH electrolytic cell sample is shown in Fig. 13. Peaks of interest were observed in the 
valance band at 3.8 eV, 9.95 eV, and 13.7 eV which may be due to nitwgen, carbon, and 
oxygen, but the assignment can not be made with certainty. A 62.8 peak may be assigned to 
Na 2s. However, no peak is detectable above baseline at 29.8 eV which corresponds to 
Na2p l/2 . Since the intensity of the Na 2p tn peak is less than Na 2 s, and the Na 2 s peak is 
weak, the Na 2p\ tl may not be seen. So, the assignment is uncertain. Novel peaks were 

observed in the KH sample at 19.5 eV, 36.0 eV, and 68.0 eV. The 68.0 eV peak may be 
assigned to Ni 3p, but the shape is incorrect And, if the M 2p vl at about 860 eV is present, 
it is smaller than the proposed Ni 3p. Thus, the 68.0 eV can not be assigned to Ni 3p. 

The XPS peaks at 19.5 eV, 36.0 eV, and 68.0 eV do not correspond to any other 
primary element peaks. The 68.0 eV peak may correspond to a hydride ion with a binding 
energy of 69.2 eV as observed in other compounds by Mills et al. ,5 - 20 "- 39 >. p ea ks at 19.5 eV 
and 36.0 eV which do not correspond to any other primary element peaks were observed. The 
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relative intensities and shift of each peak match K 3s and K 3p peaks shifted to higher 
binding energies. Hydrogen is the only element which does not- have primary element peaks; 
thus, it is the only candidate to produce the shifted peaks. These peaks may be shifted by a 
highly binding hydride ion with a binding energy of 22. 8 eV l5 ' 20, 33 " 39) that bonds to potassium 
K3p and shifts the peak to this energy. In this case, the K 3s is similarly shifted. The shift of 
about 3 eV is greater than that of known potassium compounds. These peaks were not present 
in the case of the XPS of matching samples isolated from an identical electrolytic cell except 
that NafiQ replaced /^CO, as the electrolyte. 

The KH electrolytic cell sample was observed to be weakly ferromagnetic. The origin 
of the magnetism is from nonmetallic elements which were most likely potassium and 
hydrogen. 

3.3. NMR 

The signal intensities of the X H MAS NMR spectrum of the KfiOy reference were 

relatively low. It contained a water peak at 1.208 ppm, a peak at 5.604 ppm, and very broad 
weak peaks at 13.2 ppm, and 16.3 ppm. The l H MAS NMR spectrum of the KHCQ 
reference contained a large peak at 4.745 with a small shoulder at 5. 150 ppm, a broad peak at 

13.203 ppm, and small peak at 1.2 ppm. 

The X H MAS NMR spectra of the KHKHCO, electrolytic cell sample is shown in Fig. 

14. The peak assignments are given in Table HI. The reproducible peaks assigned to 
KHKHCOy in Table lH were not present in the controls except for the peak assigned to water 
at +5.066 ppm. The novel peaks could not be assigned to hydrocarbons. Hydrocarbons were 
not present in the electrolytic cell sample based on the ToF-SIMS spectrum and FTIR spectra 
which were also obtained (see below). The novel peaks without identifying assignment are 
consistent with KHKHCO^. The NMR peaks of the reference KH (Aldrich Chemical 
Company 99%) were observed at 0.8 and 1.1 ppm relative to TMS. The upfield peaks of Fig. 
14 are assigned to novel hydride ion of the potassium hydride species ( KH- ) in different 
environments. The down field peaks are assigned to the proton of the potassium hydrogen 
carbonate species in different chemical environments (-KHCQ). 

3.4. FTIR 

The FTIR spectra of f^CO, (99%) and KHCQ (99.99%) were compared with that of 
the KHKHCOy electrolytic cell sample. A spectrum of a mixture of the bicarbonate and the 
carbonate was produced by digitally adding the two reference spectra. The two standards alone 
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and the m.xed standards were compared with that of the electrolytic cell sample. Fro* the 

mpanson, ,t was determined that the electronic cell sample contained potassium carbonate 
but d,d not contam potassium b.carbonate. The unknown component could be a bicarbonate 
other than potassium bicarbonate. The spectrum of potassium carbonate was digitally 
^ctedfrom^^^^ ^ ^ 

were observed mcluding bands in the 1400 - 1600 cm' region. Some organic nitrogen 
compounds (e.g. acrylamides, pyrolidinones) have strong bands in the region 1660 cm" 1 <*> 

n the 700 to 1 100 an region indicate an inorganic material <». Peaks that are not assignable 
o potass.um carbonate were observed at 3294, 3077, 2883, 1100 cm\ 2450, 1660 1500 
1456,1423,1300, 1154,1023,846, 761, and669cm-. 

The overlap FTIR spectrum of the electrolytic cell sample and the FTIR spectrum of 
the reference potassium carbonate appears in Fig. 16. In the 700 to 2500 cm' region, the 
peaks of the electrolytic cell sample closely resemble those of potassium carbonate, but they 
are shifted about 50 cm" to lower frequences. The shifts are similar to those observed by 
replacmg potassmm ( t^CO, ) with rubidium ( Rb 2 Cq ) as demonstrated by comparing their IR 

wTJrn^l ******** may be e *P ,ained ^ a polymeric structure for the compound 
KHKHCO, wherein the vibrational frequency is inversely proportional to the square root of 

the mass. The polymeric structure is supported by the observation of mul timers of 140* in the 
positive ToF-SIMS spectrum of the electrolytic cell sample. 

3.5. Mass Spectroscopy (MS) 

The KH electrolytic cell sample did not decompose upon heating to 600°C. 
Essentially no hydrogen was observed by mass spectroscopy. The sample changed very little 
which indicates no decomposition and extraordinary stability for a compound mainly 
comprised of hydrogen. 

3.6. Further Analytical Tests 

X-ray diffraction (XRD), elemental analysis, and Raman spectroscopy were also 
performed on the KH KHCO, electrolytic sample. The XRD data indicated that the diffraction 
pattern of the electrolytic cell sample does not match that of either KH, KHCQ, KjCO^ot 
KOH. The elemental analysis (Galbraith Laboratories) showed a wt % of potassium, carbon, 
and hydrogen of 43.65, 7.91, and 1.43, respectively. Oxygen could not be obtained. The 
corresponding high hydrogen atomic percentage supports KHKHCO,. Unidentified Raman 
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peaks at 1685 cm"' and 835 cm" 1 were present in addition to the known peaks of KHCO^ and 
a small peak assignable to K 2 CO, . . -* • 

Results from gaseous reactions at elevated temperature demonstrate that KH KHCO } 
may also be formed by a reaction of gaseous KI with atomic hydrogen in the presence of 
K 2 CC>j ,7) . In addition to the previous analytical studies, the fragment KK 2 COj corresponding 
to KHKHCO, was observed by ESIToFMS as a chromatographic peak on a C18 liquid 
chromatography column typically used to separate organic compounds. No chromatographic 
peaks were observed in the case of inorganic compound controls KI , KHCQ , K 2 C0 3 , and 

KOH. 



3.7. Insitu High Resolution Visible Spectroscopy 



The low resolution spectrum of each electrolysis plasma was recorded over the range 
400 - 900 nm to identify emitting species such as hydrogen and alkali species as demonstrated 
by the low resolution spectrum of the /^CO, electrolysis plasma shown in Fig. 17. In each 
case, strong alkali metal, Balmer a, and molecular hydrogen emission was observed. In 
addition, weaker alkali metal ion emission was observed for each plasma except for the 
Mj 2 CQ plasma. The alkali emission lines are given in Table IV. 

The high resolution visible spectrum in the region of 407 nm was recorded on the 
emission from each of the plasma electrolysis cells. A peak at 407.0 nm was observed in each 
case except for the MijCQ cell. To eliminate tungsten emission as the source of the 407.0 nm 

peak, each plasma electrolysis was repeated with a platinum cathode. 

The high resolution visible spectra in the region of 407 nm from the MijCQ , K 2 CC> 3 , 
RbjCOi , and Q 2 CQ plasma electrolysis cells each with a platinum cathode are shown in Figs. 
18-21, respectively. The only peaks observed from the JV^CQ plasma were known peaks of 
molecular hydrogen; whereas, in each case of the ^CO„ /to 2 CQ, and tt 2 CQ plasma,apeak 
was observed at 407.0 nm which could not be assigned to hydrogen, the alkali or alkaline earth 
atom or ion, or platinum. The known peaks of molecular hydrogen in the region of 407 nm 

were separated as indicated in Figs. 18-21. 

Since the novel 407.0 nm peak was also only observed for the KjC0 3 , /M 2 CQ , and 
C* 2 CQ plasma electrolysis cells, but not for the Mz,CQ cell when the tungsten cathode was 
replaced by a platinum cathode, cathode metal lines were eliminated as the source of the novel 
407 0 nm peak. O U lines at 406.9623, 406.9881, and 407.1238 nm were also eliminated due 
to the absence of O I lines at 394.729, 394.748, 394.758, 395.460, and 405.477 nm. C III lines 
at 407.026 and 406.8916 nm were eliminated due to the absence of C I lines which were 
outside of the region of 407.0 nm or C H lines at 391.896 and 392.068 nm. Furthermore, the 
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presence of the O II or C in lines would be extraordinary since the ionization energy required 
for O II is above the first ionization energy of 13.62 eV \ and the.energies required for C III ar 
above the sum of the first and second ionization energies of 1 1.26 eV and 24.38 eV , 
respectively 43) . 



4. DISCUSSION 



Alkali and alkaline earth hydrides react violently with water to release hydrogen gas 
which subsequently ignites due to the exothermic reaction with water. Typically metal 
hydrides decompose upon heating at a temperature in the range of 250-1 000°C. These saline 
hydrides, so called because of their saltlike or ionic character, are the monohydrides of the 
alkali metals and the dihydrides of the alkaline-earth metals, with the exception of beryllium. 
BeH 2 appears to be a hydride with bridge type bonding rather than an ionic hydride. Highly 
polymerized molecules held together by hydrogen-bridge bonding is exhibited by boron 
hydrides and aluminum hydride. Based on the known structures of these hydrides, the ToF- 
SIMS hydride clusters such as K[KHKHCO^, the XPS peaks observed at 22.8 eV and 

38.8 eV, upfield NMR peaks assigned to hydride ion, and the shifted FTIR peaks, the present 
novel hydride compound of the KHKHCO^ electrolytic cell sample may be a polymer, 
[KH KHCQ ^ , with a structural formula which is similar to boron and aluminum hydrides. 

The reported novel compound appeared polymeric in the concentrated electrolytic solution and 
in distilled water. [KH KHCQ \ is extraordinarily stable in water, whereas, potassium hydride 

reacts violently with water. 

As an example of the structures of this compound, the 
K[KHKHCO,l ™/z = (39 + 140n) series of fragment peaks is tentatively assigned to novel 

hydride bridged or linear potassium bicarbonate compounds having a general formula such as 
[KHKHCO) \ n ~ 1,2,3.. . . General structural formulas may be 

. HCQ3\ 



and 



K — H — K* — HC0 3 --J- 



Liquid chromatography/ESIToFMS studies are in progress to support the polymer assignment. 
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KH was stable at elevated temperature (600°C). The positive and negative ToF-SIMS 
of the KH electrolytic sample showed essentially IC and H~ only, respectively. Hydride ions 
with binding energies of 22.8 eV and 69.2 eV have been observed by XPS of KH. The 
former hydride ion with a binding energy of 22.8 eV was observed by X-ray photoelectron 
spectroscopy (XPS) of the KHKHCO^ electrolytic sample. These compounds appear 

polymeric in aqueous solution. KH was observed to be weakly ferromagnetic; whereas, 
KHKHCOy was diamagnetic. The magnetism of KH may be due to mixed oxidation states 

due to the presence of two hydride ions with a substantially reduced radii to permit spin 
correlation. 

Each of tC I fC , Rb* , and Cs as the catalyst was predicted to catalyze hydrogen to 

form H — which reacts with an electron to form #~(l/2). The predicted H'(\/2) hydride 
. 2 J 

ion of hydrogen catalysis by these catalysts was observed spectroscopically at 407.0 nm 
corresponding to its predicted binding energy of 3.05 e V . The hydride reaction product 
formed over time and was stable in water. The formation of hydride novel compounds 
observed by ToF-SIMS provided substantial evidence supporting catalysis of hydrogen to form 
H'(\/2) and its spectroscopic identification. 



5. CONCLUSION 



The ToF-SIMS, XPS, and NMR results of products from a K 2 CO y electrolytic cell with 
fC I fC as the catalyst confirm the identification of KHKHCO^ and KH with new states of 
hydride ions. H~(l/2), the predicted hydride ion product with each of AT / tC , Rb* , and Cs 
as the catalyst, has a binding energy of 3.05 eV corresponding to a 407 nm emission. Metal 
and/or metal ion peaks corresponding to the electrolyte (K, Rb, Cs, N'aJ, molecular hydrogen, 
and atomic hydrogen were observed by high resolution visible spectroscopy in plasma 
electrolysis cells. The H~ (1/2) peak at 407.0 nm was observed in all of the electrolytes except 
Na 2 CQ which cannot form /T(l/2). It was remarkable that the hydride ion formed in 
aqueous solution which is indicative of its stability and potential novel chemistry. 

The chemical structure and properties of the novel compounds having hydride ions with 
high binding energies are indicative of a new field of hydride chemistry. The novel hydride 
ions may combine with other cations such as other alkali cations and alkaline earth, rare earth, 
and transition element cations. Thousands of novel compounds may be synthesized with 
extraordinary properties relative to the corresponding compounds having ordinary hydride 
ions. These novel compounds may have a breadth of applications. For example, a high 
voltage battery (eqs. (1H3)) according to the hydride binding energies of 22. 8 eV and 
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69.2 eV observed by XPS may be possible having projected specifications and emaronmentai 
advantages that may be competitive with the internal combustion engine. ' 
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Figure Captions 

Figure 1. Plasma electrolysis cell for synthesis of novel hydride compounds and as a 
source of light from the cathodic plasma for high resolution visible spectroscopy. 

Figure 2. The positive ToF-SIMS spectrum (m / e = 0 - 200) of KHCO> (99.99%) 
where HC = hydrocarbon. 

Figure 3. The positive ToF-SIMS spectrum {m I e = 200 - 1000) of KHCQ (99.99%) 
where HC = hydrocarbon. 

Figure 4. The positive ToF-SIMS spectrum (m/e = 0~ 200) of the KH KHCO, 
electrolytic cell sample where HC = hydrocarbon. 

Figure 5. The positive ToF-SIMS spectrum (m / e = 200 - 1000) of the 
KH KHCO, electrolytic cell sample where HC = hydrocarbon. 

Figure 6. The negative ToF-SIMS spectrum (m/e = 0-50) of the KHCQ (99.99%) 
sample. 

Figure 7. The negative ToF-SIMS spectrum (/n/e = 0 - 30) of the KHKHCO, 
electrolytic cell sample. 

Figures. The positive ToF-SIMS spectrum (m/e= 0-400) of the KH electrolytic 
cell sample. 

Figure 9. The negative ToF-SIMS spectrum (m le = 0 - 400 ) of the KH electrolytic 
cell sample. 

Figure 10. The 0 to 80 eV binding energy region of a high resolution XPS spectrum of 
the KH KHCOy electrolytic cell sample. 

Figure 1 1. The XPS survey spectrum of the KHKHCO, electrolytic cell sample with 
the primary elements identified. 

Figure 12. The XPS survey scan of the KH electrolytic cell sample. 

Figure 13. The 0-80 eV binding energy region of a high resolution XPS spectrum of the 
KH electrolytic cell sample. 

Figure 14. The magic angle spinning proton NMR spectrum of the KHKHCO^ 
electrolytic cell sample. 

Figure 1 5. The spectrum of potassium carbonate digitally subtracted from the spectrum 
of the electrolytic cell sample. 

Figure 16. The overlap FTIR spectrum of the KHKHCO, electrolytic cell sample and 
the FTIR spectrum of the reference potassium carbonate. 

Figure 1 7. The low resolution spectrum (400 - 800 nm ) of the A^COj electrolysis 
plasma cell showing the emission from atomic hydrogen, molecular hydrogen, potassium 
metal, and K* . 
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Figure 18. The high resolution visible spectrum in the region of 407 nm reeorded on 
the emission of Na^CQ plasma electrolysis cell with a platinum cathode. " AH of the peaks 

could be assigned to known lines of molecular hydrogen. 

Figure 19. The high resolution visible spectrum in the region of 407 nm recorded on 
the emission of K 2 CO z plasma electrolysis cell with a platinum cathode. The novel 407.0 nm 
peak which could not be assigned to a known peak was assigned to /T(l /2). 

Figure 20. The high resolution visible spectrum in the region of 407 nm recorded on 
the emission of Rb 2 CQ plasma electrolysis cell with a platinum cathode. The novel 407.0 nm 

peak which could not be assigned to a known peak was assigned to /T(l/2). 

Figure 21. The high resolution visible spectrum in the region of 407 nm recorded on 
the emission of Cs 2 CQ plasma electrolysis cell with a platinum cathode. The novel 407.0 nm 
peak which could not be assigned to a known peak was assigned to /T(l/2). 
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Table I. The respective hydride compounds and mass assignments (m I z ) of the positive ToF- 
SDV1S of the KHKHCO^ electrolytic cell sample. - " 



nyui ii iu nyui lUt? 
ComDound 
or Fragment 


Nlnminal 

llvl llll IOI 

Mass 
m 1 z 


Oh<«prv/pH 

ml z 


Ca\c t ilatprf 
v^oiuuioicrvj 

m 1 z 


Between 
Observed 
and Calculated 
ml z 


KH 


40 


39.97 


39.971535 


0.0015 




79 


78.940 


78.935245 


0.004 


{KH) 2 


80 


79.942 


79.94307 


0.001 


KHKOH 2 


97 


96.945 


96.945805 


0.0008 


KH 2 (KH) 2 


121 


120.925 


120.92243 


0.003 


KHKHCO, 


124 


123.925 


123.93289 


0.008 


KH 7 KHO t 


145 


144.92 


144.930535 


0.010 


K{KOH) 2 


151 


150.90 


150.8966 


0.003 


kh{koh) 2 


152 


151.90 


151.904425 


0.004 


kh 2 {koh) 2 


153 


152.90 


152.91225 


0.012 


K[KH KHCO}] 


179 


178.89 


178.8915 


0.001 


kco{kh\ 


187 


186.87 


186.873225 


0.003 


KfiHKHKOH 


191 


190.87 


190.868135 


0.002 


KH^KOHKHKOH 


193 


192.89 


192.883785 


0.006 


fC 3 0{H 2 0\ 


205 


204.92 


204.92828 


0.008 


K 2 OH[KH KHC0 3 ] 


235 


234.86 


234.857955 


0.002 


K[H 2 C0 4 KH KHCOj] 


257 


256.89 


256.8868 — 


0.003 


KyC{KH KHCOj] 


273 


272.81 


272.81384 


0.004 


[KH 2 CO,\ 


303 


302.88 


302.89227 


0.012 


K[KH KHCO^K 2 C0 3 ] 


317 


316.80 


316.80366 


0.004 


k[kh KHCO^ 


319 


318.82 


318.81931 


0.001 


kh 2 \khkoh\ 


329 


328.80 


328.7933 


0.007 


KOH 2 [KH KHCO-i \ 


337 


336.81 


336.82987 


0.020 


KH K0 2 

[KH KHCO) \KHCOi ] 


351 


350.81 


350.80913 


0.001 


KKHK 2 COj 
[KHKHC0 3 ] 


357 


356.77 


356.775195 


0.005 



kkh\kh kmcd 1 


359 


358.78 


358.790845 


0.011 s 


k^ohIkh kmco 1 


375 


374.78 


374.785755 


0.005 


K 2 OH[KHKOH]2 
[KHCO)] 


387 


386.75 


386.76238 


0.012 


AA/7 3 A/7 5 [A/7 rulL C/j J- 


405 


404.79 


404.80933 


0.019 




411 


410.75 


410.72599 


0.024 




413 


412.74 


412.74164 


0.002 


\kh koh 
K (kh khcoX 


415 


414.74 


414.75729 


0.017 


KH 2 OKHCOi [KH KHCO, \ 


437 


436.81 


436.786135 


0.024 


KKHKC0 2 [KH KHCOjI 


442 


441.74 


441.744375 


0.004 


A [A/7 A/7C t/ 3 U 


459 


458.72 


458.74711 


0.027 


/i [A/7 AC//7 J2 [A 2 C(/ 3 J 2 

or 

tf 4 0 2 //[A7/ A#C0 3 ] 2 


469 


468.70 


468.708085 


0.008 




477 


476.72 


476.744655 


0.025 


k,oh\kh khco, L 


515 


514.72 


514.713555 


0.006 


K.O KH KHCO 1 


553 


552.67 


552.66944 


0.001 


r JSf// KHCO* 1 


599 


598.65 


598.67491 


0.025 


K,OH\KH KHCO, 1 


655 


654.65 


654.641355 


0.009 


K 3 0[KH KHCO^li 


693 


692.60 


692.59724 


0.003 


K[KH KHCO^ 


739 




7*JQ ftf|971 
/ OO.Ov^ / 1 


f\ (\A7 


K 3 0[KH KHC0 3 ] 5 


833 


832.50 


832.52504 


0.025 


K[KH KHCO^ 


879 


878.50 


878.53051 


0.031 


K)0[KH KHCO^\ 


973 


972.50 


972.45284 


0.047 



Table II. The binding energies of XPS peaks of KfiO^ and the KHKHCO^ electrolytic cell 



XPS 


Cls 


Ols 


K3p 


K3s 


Kip, 


K2p x 


K 2s 




(eV) 


(eV) 


(eV) 


(eV) 


(eV) 


(eV) 


(eV) 


f^CO, 


288.4 


532.0 


18 


34 


292.4 


295.2 


376.7 


KHKHCO, 


288.5 


530.4 


16.2 


32.1 


291.5 


293.7 


376.6 


Electrolytic 




537.5 


22.8 


38.8 


298.5 


300.4 


382.6 


Ceil 




547.8 












Sample 
















Min 


280.5 


529 






292 






Max 


293 


535 






293.2 







3 




Table UL The NMR peaks of the KHKHCO, electrolytic cell sample with their assignments. 



Peak at Shift 
(DDm) 


Assignment 


+34.54 


side band of +17.163 
peak 


+22.27 


side band of +5.066 
peak 


+17.163 


KHKHCOy 


+10.91 


KHKHCOj 


+8.456 


KHKHCO, 


+7.50 


KHKHCOj 


+5.066 




+1.830 




-0.59 


side band of +17.163 
peak 


-12.05 


KHKHCO, a 


-15.45 


KHKHCO, 



a small shoulder is observed on the -12.05 peak 
which is the side band of the +5.066 peak 
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Table IV. Alkali emission lines recorded on plasma electrolysis cells. 



Plasma Pfa^tratvuiit 


Alkali Metal / IVf \ 

Ml Kail InOUII \* T * / 


.VI * 


iVl 


Electrolyte 


Emission (nm) 


Emission (nm) 


Emission (nm) 




497.9 


None 


None 




498.3 








589 








589.6 








819.5 








766.5 


404.3 


None 




Tea o 
1 09.9 






Rb^Oi 


794.7 


408.4 


None 




780 








761.9 






Cs 2 CQ 


852.1 


None 


404.5 




894.3 
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